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Reclirec.tion o f  l h d  using atrial flaps to correct pa- 
tients with transposition of the great arteries (TGA) was 
described by Senning in 1959.' Later, Mustard's tech- 
niyue2 hecame the operation of choice in most centers. 
Brom and assoriates introduced some modifications of 
Senning's operation in 19773; we ourselves have used 
this modified technique extensively. Although Jatene et 
a14 published the first successful arterial switch opera- 
tion in 1975, it was several years before the arterial 
switch operation became the operation of choice for 
most patients with simple TGA and TGA plus ventricu- 
lar septa1 defect (VSD)."." Today, the Senning or Mus- 
tard operation is performed rarely, mainly for patients 
with complex coronary anatomy or in the presence of 
pulmonary vascular disease. However, since the intro- 
duction of the double switch operation'sa for patients 
with corrected transposition (CTGA), it has been very 
important to learn the Senning technique. The Senning 
operation is part of a very complex repair and therefore 
accurate and speedy completion of this operation is 
important to achieve success with the double switch 
Operation. 
SURGICAL TECHNIQUE 
The operation is performed during cardiopulmonary 
bypass (CPB) with hypothermia (20" to 25OC) so that a 
short period of low flow or even circulatory arrest can 
be used. In principle, we aim to perform the operation 
on full flow CPB. Hemodilution to hematocrit plus or 
minus 20 is used. 
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1 The aorta is encircled with tape and cannulated for arterial return, (4 )  while direct 
cannulation of the superior vena cava (SVC) and the inferior vena vava (IVC) with 
short-angled iiietal cannulae (B) is used for venous wtiirn. The 4 1 o r t t ~  caiiniila is usitall! 
used for SVC cannulation; the longer cannula is usi ial l~  used for IVC cannulation. 
Alternatively, commercially available Parifico cannulae can he used (DLP. Inc. Grand 
Rapids, MI). (Figure B i-eprintd.") 
2 Because the Senning operation ib performed infrequently 
today, it is useful to place niarlter stitches that will facilitate and 
s p e d  ~ q )  the procedure. The stay stitches a re  placed on the 
superior margin of the right upper pulmonary veidatrial juuctioii 
and the inferior margin of the right lower pulmonary veiniatrial 
juiictiou (C-D). The other t w o  stitches are placed in front of the 
crista terminalis as shown in the figure (A-B). Points A and B are 
placed approximately 2 mi anteriorly from the interatrial groove 
in a 3 -  to 4-year-old child. In patient3 with sitns inversns, the 
previously mentioned coninicnts apply to the left rather than the 
right pulmonary veins. 
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3 Before CPB is established, the interatrial groove is care- 
fully dissected. If the heart does not tolerate manipulation1 
retraction, this dissection can be performed at the beginning of 
CPB; however, it is useful to keep the atrial pressure slightly 
positive at 6 to 8 mm Hg to facilitate the dissection. Also, should 
we inadvertently open the atrium, it will bleed but will avoid air 
embolieation. The dissection of the interatrial groove will gain a 
few millimeters both for the septa1 flap and for the atrial flap. 
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4 The aorta is cross-clamped and cardioplegia (crystalloid or 
blood cardioplegia) is infused to the root of the aorta. Cardioplegia 
is repeated every 30 minutes and topical cooling with ice slush is 
also used. The atrium is opened between points A and B and the 
sumphent is placed through the patent foramen ovale (PFO)/atrial 
septal defect (ASD) into the left atrium. The atrial flap is 
constructed next. The PFO or a small ASD can be closed directly. 
The septal flap is then detached as shown in the figure. When the 
septum is detached from the atrial wall superiorly, it is useful to 
press the forceps from between the SVC, aorta, and right pulmo- 
nary artery toward the atrium to get a feel about the remaining 
thickness of the atrial wall. If a large ASD is present, the septal flap 
is reconstructed by suturing in a small piece of goretex patch 
material or the patient’s pericardium (insert, top). 
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5 Alternatively, it is possible to make a cutback in the coronary sinus 
that will provide a second flap, which, sutured to the septal flap, will 
provide enough tissue. The coronary sinus cutback also enables us to 
construct a wider IVC channel. It is important to place the scissors deep 
into the coronary sinus or to place them over a pair of forceps. The 
cutback is then made into the coronary sinus (A) with one single cut. 
The first suture is placed between the left atrial appendage and left 
pulmonary veins and through the septal flap (B & C). The inferior 
margin of the septal flap is then sutured with the coronary sinus flap to 
complete the floor of the SVC/IVC pathway (C). Repeated small cuts 
may catch tbe folds in the posterior wall of the coronary sinus and cut 
outside the heart. If recognized, such cuts can be repaired easily. If not, 
it may be very troublesome to repair them once the CPB is discontin- 
ued. ( F M  r e~ r in t ed .~ )  
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6 The floor of the SVC and IVC channel is then constructed by 
suturing the atrial flap between the left atrial appendage and the 
entrance of the left pulmonary veins (insert, top). Suturing is 
performed with 5/0 or 6/0 Prolene (Ethicon, Inc, Somerville, NJ), 
depending on the age of the patient. One arm of the double-ended 
suture attaches the flap superiorly, staying below the cut edge of 
the septum. The lower suture line runs towards the stay stitch 
below the right inferior pulmonary vein. 
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7 Construction of the IVC pathway. The lateral atrial flap is 
sutured from the lower angle around the IVC. Unless the eusta- 
chian valve is thick and well formed, we do not rely on it and suture 
the atrial flap inside the atrium and then toward the coronary 
sinus. The coronary sinus is left to drain with pulmonary venous 
blood. If the coronary sinus has been incised, the coronary sinus 
blood drains within the systemic venous pathway. The suture line is 
placed posterior to the remaining rim of the coronary sinus to 
avoid injury to the atrioventricular (AV) node. For a surgeon with 
limited experience with the Senning operation, it is useful to 
introduce a very short period of circulatory arrest and remove the 
IVC cannula. A short stent cut from a chest drain or  piece of plastic 
tubing is then inserted into the TVC and suturing of the atrial flap is 
performed over this stent. As soon as the coronary sinus is 
reached, the stent is removed, the IVC cannula is reinserted, and 
the bypass is continued. Construction of a wide IVC pathway is 
thus ensured. (Figure r e~ r in t ed .~ )  
Construction of the SVC pathway. The suture line starts from 
point A and is carried down toward the tricuspid valve. Using 
another temporary stent in the SVC ensures that the SVC pathway 
would be wide open. 
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8 Reconstru&ion of the pulmonary venous atrium. First, 
we extend the perimeter of the left atriotomy by incising into the 
right superior pulmonary vein (see figure). We then check 
whether there is enough atrial tissue to cover the distance across 
the SVC, IVC, and around the pulmonary veins. If not, 
cutbacks from points A and B can be made. Inferiorly, a stay 
stitch is placed on B" and is put under traction toward the 
surgeon. The inferior suture line is started from point B. One 
arm of the double-ended suture is put on tension away from the 
surgeon, which facilitates the suture line across the IVC. This 
suture line usually runs fairly obliquely, which makes constric- 
tion of the IVC channel by the purse-string effect very unlikely. 
Superiorly, the suture line starts from point A and again one 
arm of this suture is put under tension away from the surgeon, 
while a stay stitch on point A and point A" is put under tension. 
This suture line is performed with a very fine monofilament (6/0 
Prolene on 10-mm needle). It should only be attached epicardi- 
ally to avoid damage to the sinoatrial (SA) node, which is a 
subepicardial structure. 
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9 The completed suture line is shown in the figure. 
Caval snares are now released and rewarming is 
started. Air is carefully evacuated from the heart via 
aortic needle vent. This vent is kept on low suction until 
we are ready to discontinue bypass. During rewarming, 
we use ultrafiltration, which is completed after discon- 
tinuation of bypass as modified ultrafiltration. 
When Senning’s operation is used as part of a 
“do&le switch” operation, ventricular rerouting or 
arterial switch is usually performed first. It is possible 
to complete the Senning operation under induced ven- 
tricular fibrillation to shorten the length of aortic 
cross-clamping.8 Before cardiopulmonary bypass is dis- 
continued, we carefully check any bleeding points, 
particularly behind the heart from the coronary sinus 
and superiorly between the SVC aorta and right pulmo- 
nary artery where the septum was detached from the 
atrial wall. 
Heparin reversal, use of atrial and ventricular pace- 
maker wires, and mediastinaypleural drains do not 
differ from other operations for congenital heart de- 
fects. Postoperative care usually does not present 
special problems. 
Results 
The mortality of Senning’s operation can be expected to 
be about 2%. Long-term problems include atrial dys- 
rhythmias, impaired right ventricular function, and 
tricuspid valve incompetence. Detailed discussion of 
these complications is beyond the scope of this article, 
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